The cascading gauge theory of Klebanov et.al realizes a soluble example of gauge/string correspondence in a non-conformal setting. Such a gauge theory has a strong coupling scale Λ, below which it confines with a chiral symmetry breaking. A holographic description of a strongly coupled cascading gauge theory plasma is represented by a black brane solution of type IIB supergravity on a conifold with fluxes. A characteristic parameter controlling the high temperature expansion of such plasma is Q ≃ ln
1 Introduction
Consider N = 1 four-dimensional supersymmetric SU(K + P ) × SU(K) gauge theory with two chiral superfields A 1 , A 2 in the (K + P, K) representation, and two fields B 1 , B 2 in the (K + P , K). This gauge theory has two gauge couplings g 1 , g 2 associated with two gauge group factors, and a quartic superpotential
(1.1)
When P = 0 above theory flows in the infrared to a superconformal fixed point, commonly referred to as Klebanov-Witten (KW) theory [1] . At the IR fixed point KW gauge theory is strongly coupled -the superconformal symmetry together with SU(2)×SU(2)×U(1) global symmetry of the theory implies that anomalous dimensions of chiral superfields γ(A i ) = γ(B i ) = − 1 4 , i.e., non-perturbatively large.
When P = 0, conformal invariance of the above SU(K + P ) × SU(K) gauge theory is broken. It is useful to consider an effective description of this theory at energy scale µ with perturbative couplings g i (µ) ≪ 1. It is straightforward to evaluate NSVZ betafunctions for the gauge couplings. One finds that while the sum of the gauge couplings where Λ is the strong coupling scale of the theory and γ ij is an anomalous dimension of operators Tr A i B j . Given (1.3) and (1.2) it is clear that the effective weakly coupled description of SU(K + P ) × SU(K) gauge theory can be valid only in a finite-width energy band centered about µ scale. Indeed, extending effective description both to the UV and to the IR one necessarily encounters strong coupling in one or the other gauge group factor. As beautifully explained in [2] , to extend the theory past the strongly coupled region(s) one must perform a Seiberg duality [3] . Turns out, in this gauge theory, a Seiberg duality transformation is a self-similarity transformation of the effective description so that K → K − P as one flows to the IR, or K → K + P as the energy increases. Thus, extension of the effective SU(K + P ) × SU(K) description to all energy scales involves and infinite sequence -a cascade -of Seiberg dualities where the rank of the gauge group is not constant along RG flow, but changes with energy according to [4] [5] [6] 
at least as µ ≫ Λ. To see (1.4) , note that the rank changes by ∆K ∼ P as P ∆ ln µ Λ ∼ 1. Although there are infinitely many duality cascade steps in the UV, there is only a finite number of duality transformations as one flows to the IR (from a given scale µ).
The space of vacua of a generic cascading gauge theory was studied in details in [7] . In the simplest case, when K(µ) is an integer multiple of P , the cascading gauge theory confines in the infrared with a spontaneous breaking of the chiral symmetry [2] .
Effective description of the cascading gauge theory in the UV suggests that it must be ultimately defined as a theory with an infinite number of degree of freedom. If so, an immediate concern is whether such a theory is renormalizable as a four dimensional quantum field theory, i.e., whether a definite prescription can be made for the computation of all gauge invariant correlation functions in the theory. As was pointed out in [2] , whenever g s K(µ) ≫ 1, the cascading gauge theory allows for a dual holographic description [8, 9] as type IIB supergravity on a warped deformed conifold with fluxes.
The duality is always valid in the UV of the cascading gauge theory; if, in addition, g s P ≫ 1 the holographic correspondence is valid in the IR as well. It was shown in [10] that a cascading gauge theory defined by its holographic dual as an RG flow of type IIB supergravity on a warped deformed conifold with fluxes is holographically renormalizable as a four dimensional quantum field theory.
Cascading gauge theories provide a soluble realization of the holographic gauge theory/string theory duality in non-conformal setting. A way to construct four dimensional examples of non-conformal gauge theory/string theory correspondence is to start with an AdS 5 /CF T 4 duality and to deform it by relevant operators of the CF T 4 . An example of such construction is the gauge/string duality for the N = 2 * supersymmetric gauge theory [11] [12] [13] . On the contrary, the scale in a cascading gauge theory is introduced via a dimensional transmutation of the gauge couplings (1.3). We would like to understand in details the hydrodynamic properties of strongly coupled non-conformal gauge theory plasmas [14] . A lot is known about thermodynamics/hydrodynamics of strongly coupled mass deformed conformal gauge theories from the perspective of gauge/string correspondence [15] [16] [17] [18] [19] . The thermodynamic/hydrodynamic analysis of the cascading gauge theory plasma are substantially more difficult. The equilibrium thermodynamics of the cascading gauge theory plasma in the deconfined chirally symmetric phase is well understood by now [20] [21] [22] . Since at zero temperature a cascading gauge theory confines with a chiral symmetry breaking, it is conceivable that there is a finite-temperature deconfined phase of the theory, with broken chiral symmetry 1 .
Whether or not such a phase exists is an open question [24] . In case of hydrodynamic transport coefficients 2 , the shear viscosity was shown to satisfy the universal bound [26] [27] [28] , and the bulk viscosity was computed to leading order at high temperature [29] .
In this paper we study propagation of sound waves in the strongly coupled deconfined chirally symmetric phase of the cascading gauge theory plasma. In the dual gravitational description this involves computation of the dispersion relation of the lowest quasinormal mode in the sound channel [30] of the black hole solution numerically constructed in [22] . Ideally, we would like to do the analysis at any temperatures (at least above the deconfinement transition), much like it was done for the N = 2 * plasma in [19] . Unfortunately, in section 3 we show that technical difficulties in the present framework does not allow us to achieve that goal. Thus, we resort to perturbative high temperature computations. The small parameter of the high temperature expansion is
[21], where K ⋆ ≃ K(T ) is roughly 3 the effective rank of the cascading plasma (1.4) at the IR cutoff scale, set by the temperature. We compute both the speed of the sound waves and the bulk viscosity of the cascading gauge theory plasma
. Previously such analysis were done to order O P 2 K⋆ [29] . At the order reported, the bulk viscosity was shown to saturate the bound proposed in [31] .
Higher order corrections to the bulk viscosity of the cascading plasma presented here
show that the bound [31] is satisfied. Alternative way to compute the speed of sound is to use the equilibrium equation of state
Using (1.5) and slightly extending the computations in [22] , we can evaluate the speed of sound to temperatures down to the deconfinement transition and below. The com-1 Such a phase was observed in 4 + 1 dimensional supersymmetric SU (N c ) gauge theory with fundamental quarks compactified on a circle [23] . 2 Hydrodynamics of closely related models was recently discussed in [25] . 3 A precise definition of K ⋆ is given below.
parison between the perturbative high temperature analysis and the exact one indicates that the former is convergent for K⋆ P 2 ∼ 2 · · · 3, correspondingly to temperatures T ≃ (1 · · · 1.5)Λ -which is about twice the critical temperature of the deconfinement phase transition T critical = 0.6141111(3)Λ [22] . Thus, although we find a relatively small bulk viscosity in the high temperature regime
, we can not (reliably) evaluate the bulk viscosity in the vicinity of the deconfinement transition. It it clear though that since the deconfinement phase transition is of the first-order (in the 't Hooft limit), the bulk viscosity will remain finite at the transition point [32] . Finally, we find that chirally symmetric phase becomes perturbatively unstable at T = T unstable = 0.87487(7)T critical -exactly at this temperature c 2 s vanishes, and extending this phase to lower values of K ⋆ leads to c 2 s < 0. The critical behavior at the unstable point in the cascading plasma is identical to the one found in N = 2 * plasma with mass deformation parameters m f < m b [19, 31] . We comment more on the instability in section 5.
The technical aspects of the computations are presented in section 2. The reader interested only in the results should consult section 4.
Supergravity dual to deconfined cascading plasma
The holographic dual to a deconfined chirally symmetric phase of a cascading gauge theory plasma at equilibrium is given by a black hole solution in a singular KlebanovTseytlin (KT) geometry [33] . It has been discussed previously in [4, [20] [21] [22] . We follow the notations of [22] . A black hole metric 4 :
where h, f 2 and f 3 are some functions of the radial coordinate x. There is also a dilaton g(x), and form fields given by
2) 4 The frames {e θa , e φa } are defined as in [10] , such that the metric on a unit size T 1,1 is given by
where K is a function of the radial coordinate x. Without loss of generality we can set asymptotic string coupling to one. We use the following parametrization for the solution in perturbation theory in
3)
The advantage of this parametrization is that the equations for {ξ 2n , η 2n , λ 2n , ζ 2n } decouple, once the (decoupled) equation for κ 2n is solved, at each order n in perturbation theory.
Gauge invariant fluctuations
of the background metric (2.1) and the scalar fields
of the effective five-dimensional gravitational description of the sound channel quasinormal modes were studied in details in [29] 5 . The incoming wave boundary conditions where {z H , z f , z w , z Φ , z K } are regular at the horizon; we further introduced
T is the equilibrium temperature of the plasma, and {ω, q = | q|} are the frequency and the momentum of the sound quasinormal mode. There is a single integration constant for these physical modes, namely, the overall scale. Without the loss of generality the latter can be fixed as
In this case, the sound dispersion relation is simply determined as
The other boundary conditions (besides regularity at the horizon and (2.11)) are 13) where the lower index refers to either the leading, ∝ q 0 , or to the next-to-leading, ∝ q 1 , order in the hydrodynamic approximation, and the upper index keeps track of the P 2 K⋆ high temperature expansion parameter. Additionally, we find it convenient to
where β 1,n , β 2,n are constants which are to be determined from the pole dispersion relation (2.11) this was done in [21] , and extended to order O
Here, we extend the analysis to n = 4 in (2.3)-(2.7).
Equations of motion for {κ 2n , ξ 2n , η 2n , λ 2n , ζ 2n } take form 20) where the source terms {J
b,ζ } are functionals of the lower order solutions: κ 2m , ξ 2m , η 2m , λ 2m , ζ 2m , with m < n. Explicit expressions for the source term functionals are available from the author upon request. The perturbative solutions to (2.16)-(2.20) must be regular at the horizon, and must have the appropriate KT asymptotics near the boundary. Beyond n = 1, these equations must be solved numerically. We apply the numerical strategy developed in [22] :
Generically, the differential equations will have non-normalizable modes near the boundary 6 x → 0 + , and can generate singular Schwarzschild horizon as x → 1 − . Thus, we specify boundary conditions as a series expansion near the boundary and the horizon which explicitly contain only normalizable modes.
The total number of integration constants near the boundary and the horizon appearing in normalizable modes precisely equals the total order of the system of ODE's.
As a result the boundary value problem is well posed.
We solve the resulting boundary value problem as detailed in section 5.2 of [22] .
In what follows we present the horizon and the boundary expansion of the normalizable modes for {κ 2n , ξ 2n , η 2n , λ 2n , ζ 2n } with n = {1, 2, 3, 4}. In numerical analysis we used expansion to order O(x 9/2 ) (up to powers of ln x) near the boundary; and to )ã 0 , and has no effect on physical quantities [22] . In what follows we conveniently set this mode to zero near the boundary 7 -for further details see (2.31), (2.42), (2.53) below. Naively, from (2.20), ζ 2n also always has a zero mode. The latter however is fixed by our choice of the asymptotic string coupling (2.7).
Similarly, the zero mode of κ 2n , see (2.16), modifies the strong coupling scale Λ of the cascading plasma.
Order n = 1
We find:
Even though it is possible to write down explicit analytic expressions for {η 2 , λ 2 , ζ 2 }, such expressions involve complicated polylogarithm functions, which slows down subsequent numerical computations. Thus, we opt to treat these fields numerically.
Near the boundary, x → 0 + , we have:
Near the horizon, y → 0 + , we have:
26)
27)
Altogether at this order we have 6 integration constants
which is precisely what is needed to specify a unique solution for {η 2 , λ 2 , ζ 2 }.
Order n = 2
31)
Altogether at this order we have 10 integration constants
which is precisely what is needed to specify a unique solution for {κ 4 , ξ 4 , η 4 , λ 4 , ζ 4 }.
Order n = 3
41) Near the horizon, y → 0 + , we have:
Altogether at this order we have 10 arbitrary integration constants
which is precisely what is needed to specify a unique solution for {κ 6 , ξ 6 , η 6 , λ 6 , ζ 6 }.
Order n = 4
Ultimately, to evaluate the speed of sound and the bulk viscosity at this order we will need only κ 8 and ξ 8 solutions.
Near the boundary, x → 0 + , we have: 
Altogether at this order we have 4 integration constants
which is precisely what is needed to specify a unique solution for {κ 8 , ξ 8 }.
Integration constants for the normalizable modes
Here we tabulate (see table 1 ) the integration constants for the normalizable modes of κ 2n , ξ 2n , η 2n , λ 2n , ζ 2n with n = {1, 2, 3, 4} obtained from solving the corresponding boundary value problems.
2.1.6 P, E and c 2 s from equilibrium thermodynamics
Using the results of [22] we can compute
where s is the entropy density 8 . Furthermore, the perturbative high temperature expansion forâ 2,0 is given by 9 a 2,0 = 7 12 
Note that the coefficient of
The precise temperature dependence of K ⋆ was determined in [22] 
Using (2.59) and the expressions for the pressure and the energy density from (2.57) we find
Thus, given the perturbative high temperature expansion forâ 2,0 we can evaluate from 8 Note that expressions in (2.57) are valid for any temperature. 9 In order to evaluate the coefficient of 
Notice that (2.61) provides predictions for β 1,n of (2.14) with n = 1, · · · 4.
Speed of sound waves in the cascading plasma to order
Equations of motion for the sound waves in the cascading plasma for generic
were derived in [29] . Previously, they have been discussed (solved) only to order O P 2 K⋆ , [29] . Here, we extend the analysis to n = 4 in (2.13) at order O(q 0 ).
Equations of motion for {z
s,ω , (2.64) 10 We used (2.21) and (2.22) .
where the source terms {J
s,K } are functionals of the lower order solutions: z
, ζ 2m and β 1,m , with m < n. Explicit expressions for the source term functionals are available from the author upon request. Apart from n = 0 [34] and for {z
these equations must be solved numerically. We use the same numerical approach as outlined in section 2.1.
Order n = 0
We find: z (0)
67)
We find: z
69)
Near the boundary, x → 0 + , we have
Near the horizon, y → 0 + , we have
which is precisely what is needed to specify a unique solution for {z
ω,0 }.
Order n = 2
f,0 =
H,0 = −2β 1,2 + 320s
H,0 , z
Order n = 3
Near the boundary, x → 0 + , we have 
where · · · denote dependence on lower order coefficients, except for {β 1,2 , β 1,3 } -the expression is too long to be presented here,
ω,0 = s
Φ,0 = s
Order n = 4
f,h + 16s
where · · · denote dependence on lower order coefficients, except for {β 1,2 , β 1,3 , β 1,4 } -the expression is too long to be presented here.
H,0 }. 
Integration constants for the sound quasinormal modes at O(q 0 )
Here we tabulate (see table 2) the integration constants for the normalizable modes of {z
Φ,0 }. with n = {1, 2, 3, 4} obtained from solving the corresponding boundary value problems.
Bulk viscosity of the cascading plasma to order
Equations of motion for the sound waves in the cascading plasma for generic P 2 K⋆ were derived in [29] . Previously, they have been discussed (solved) only to order O P 2 K⋆ , [29] . Here, we extend the analysis to n = 4 in (2.13) at order O(q 1 ).
a,K } are functionals of the lower order solutions: z
, ζ 2m and {β 1,m , β 2,m }, with m < n. Explicit expressions for the source term functionals are available from the author upon request. Apart from n = 0 [34] and for {z
H,1 } [29] these equations must be solved numerically. We use the same numerical approach as outlined in section 2.1.
Order n = 0
H,1 = 0 , (2.110)
Φ,1 }.
Order n = 2
Near the boundary, x → 0 + , we have Near the horizon, y → 0 + , we have f,h − 8a
Altogether at this order we have 10 integration constants which is precisely what is needed to specify a unique solution for {z
H,1 , z
Order n = 3
Near the boundary, x → 0 + , we have Near the horizon, y → 0 + , we have
where · · · denote dependence on lower order coefficients, except for {β 2,2 , β 2,3 } -the expression is too long to be presented here,
Order n = 4
Near the boundary, x → 0 + , we have where · · · denote dependence on lower order coefficients, except for {β 2,2 , β 2,3 , β 2,4 } -the expression is too long to be presented here.
H,1 }.
Integration constants for the sound quasinormal modes at O(q 1 )
Here we tabulate (see table 3 ) the integration constants for the normalizable modes of {z
Φ,1 }. with n = {1, 2, 3, 4} obtained from solving the corresponding boundary value problems.
3 Challenges of computing transport coefficients to all orders
In the previous section we detailed the computation of the speed of sound and the bulk viscosity of the cascading plasma, perturbatively in (1.4) . ) The results of the analysis presented in section 4 indicate that although O the deconfinement phase transition. Thus, using perturbative analysis only we can not compute the bulk viscosity of the cascading plasma at the transition point. In this section we would like to explain the difficulty in going beyond the perturbative analysis as the latter might effect the analysis of other quasinormal modes in the cascading plasma, specifically those that could be responsible for the chiral symmetry breaking transition [24] .
To understand the problem, it is instructive to go back to the numerical computation of the cascading plasma equilibrium equation of state. This was solved both perturbatively and non-perturbatively in
in [22] . On the dual gravitational side this computation involves finding the black hole solution in asymptotic KT geometry, i.e., determining the gravitational fields {h , f 2 , f 3 , K , g} (2.3)-(2.7). Above gravitational fields have non-normalizable (in some cases singular) modes both near the horizon x → 1 − and near the boundary x → 0 + . Thus numerical integration must be done on an open interval x ∈ (0, 1), i.e., we need to provide the boundary conditions for the gravitational fields as the series expansion in x near the boundary and in y = 1 − x near the horizon. These series expansions must be fairly precise since, for examples the coefficient of the normalizable mode for f 2 (dual to the vev of the dimension eight gauge invariant operator of the cascading plasma) enters at order x 2 near the boundary, which is subdominant to coefficients x n/2 ln k (x) with n = 0, 1, 2, 3 of the general boundary expansion [22] 
What saves the day, and ultimately allows for the full non-perturbative computations, is the fact that at each fixed order n, the maximum power of ln x in (3.1) happens to be bounded, k ≤ n. Thus, the series expansions of the type (3.1) are just generalized
Taylor series expansions, which can be easily determined to any given order in nthe total number of expansion coefficients at order n grows as O(n 2 ). The situation would have been completely different, had the summation of k extend to infinity. Here one would have to solve exactly for the series in (P 2 ln x) at each order in x. Given the complexity of the equations involved the latter appears to be impossible.
Unfortunately, precisely this problem occurs in computation of the quasinormal modes in the sound channel. Consider for example the gauge invariant fluctuation z f (2.8). As for the gravitational field f 2 , it depends on the vev of the dimension eight operator -so its exact boundary asymptotic can not be specified with an accuracy of less than O(x 2 ) 13 . Collecting (2.71), (2.78), (2.89) we find z f,0 =x − 1 80
where we explicitly indicated only the leading ln x dependence at each order
x as x → 0 + , and that in fact all the perturbative
It would be interesting to develop computational techniques to deal with this difficulty.
Notice that the high temperature perturbative expansion provides an effective cutoff on the power of ln x in the boundary asymptotics since each additional factor of ln x comes with a factor of
. 13 Of course, in order to get reliable numerical results boundary asymptotics must be more precise -in our high temperature analysis we used expansions to order O(x 9/2 ), which is five more orders beyond the highest order at which the normalizable coefficients of the fluctuations enter.
Perturbative hydrodynamics of the cascading plasma
In this section we present results of the perturbative high temperature analysis of the speed of sound waves and the bulk viscosity in the cascading plasma. We begin with discussion of the consistency checks on our analysis. Next, we move towards discussion of comparison between exact speed of sound (as given by (2.60)) and its perturbative high temperature expansion. This will allow us to comment on the convergence properties of the high temperature expansion. Extending the numerical analysis of [22] we show that chirally symmetric deconfined phase of the cascading gauge theory plasma becomes perturbatively unstable below the critical temperature of the deconfinement transition T unstable = 0.8749(0)T critical . We comment on the possible source of the instability. Finally, we discuss the bulk viscosity bound of [31] for the cascading plasma.
Consistency of analysis

The first law of thermodynamics
Cascading gauge theory plasma has a single scale Λ. It only makes sense to discuss the thermodynamics/hydrodynamics of the theory, provided one keeps Λ fixed. As explained in [22] , enforcing that Λ is temperature independent leads to the following
From (2.4) we find 
Next, we compute the temperature of the black hole (2.1) using (2.3)-(2.4), and an explicit expression for G xx -given by eq. (2.6) of [22] . We further invert the temperature relation to obtainã 0 , and ultimately from (4.2) the perturbative expression for a 0 :
Using (4.3) we find from (4.1)
Given (2.57), (2.58) and the expression for the entropy density s of the black hole leads to an alternative expression for with the predicted values from the equilibrium thermodynamics, (2.61).
4.2 Speed of sound and perturbative instability of deconfined chirally symmetric phase of the cascading plasma at low temperatures
The speed of the sound waves can be computed from the dispersion relation of the quasinormal modes in the sound channel. In the high temperature expansion it is given by (see (2.14)) 6) where the coefficients β 1,n are given in table 2. Alternatively, it can be evaluated from the equilibrium thermodynamics for any temperature (2.60),
From data in table 5 , we see that there is an excellent agreement between (4.6) and the high temperature expansion of (2.60). Figure 1 represents comparison between (2.60) and (4.6) over a wide range of temperatures, i.e., not necessarily when
The blue dots represent the speed of sound computed from (2.60), slightly improving the analysis in [22] . The solid lines represent successive high temperature approximations to the speed of sound wave in the cascading plasma (4.6) to orders O results of [22] 8) which suggests that the high temperature expansion converges for temperatures above
Numerical analysis of the equilibrium thermodynamics in [22] were done to temperatures only slightly below the deconfinement temperature. Here, we extend the computations to lower temperatures. Notice from figure 1 that the speed of sound squared c 2 s appears to cross zero (and turns negative) for k s < −1. A more detailed analysis presented in figure 2 show that this is indeed so. A speed of sound vanishes at where
In fact, the near-unstable thermodynamics of the cascading theory is rather interesting.
In figure 3 we show the free energy density as a function of k s (left plot) and as a show that this is indeed the case.
Vanishing of the speed of sound as in (4.10) implies that the specific heat c V of the cascading plasma diverges near the unstable point with the critical exponent α = 0.5 15 :
(4.12) Figure 3 : (color online) The free energy density in the vicinity of the perturbative instability of the cascading plasma. The red dots on the right plot correspond to k s ≤ k unstable and the blue dots correspond to k s ≥ k unstable .
Exactly the same critical behavior was found in N = 2 * plasma with mass deformation parameters m f < m b [19, 31] .
Whenever c 2 s < 0, the thermodynamic system is unstable with respect to density fluctuations. It is interesting to understand the source of this instability. Recall that the zero temperature the vacuum of the cascading gauge theory spontaneously breaks chiral symmetry. Thus, it is conceivable that the perturbative instability observed in the equilibrium thermodynamics of the deconfined chirally symmetric phase of the cascading plasma is associated with the formation of chiral condensates. We comment more on this in the conclusion and for further analysis refer to future work [24] .
Bulk viscosity bound in the cascading plasma
The primary goal of hydrodynamic analysis of the cascading plasma presented here was to verify the bulk viscosity bound in strongly coupled gauge theories conjectured in [31] :
where p is the dimension of space of the plasma. It is known that (4.13) is satisfied in all explicit realizations of gauge theory/string theory correspondence [19, 31] . The bound is saturated for all Dp branes [31, 36] . It is also known that one can engineer phenomenological models motivated by gauge/string correspondence that would violate the bulk viscosity bound [37] ; finally, the bound is violated in weakly coupled gauge theory plasmas [38] .
What makes cascading gauge theory plasma interesting in this context is that it provides an example in the framework of the gauge/string duality where the bound (4.13) is saturated to leading order in the high temperature expansion [29] . As we explained in section 3 our current computational framework is inadequate to compute bulk viscosity of the cascading plasma at low temperatures. In the high temperature expansion it is given by (see (2.14)) ζ η = 8 9 From figure.5 we see that at least in the high temperature expansion the bulk viscosity bound (4.13) is satisfied. Since the deconfinement phase transition in the cascading plasma is of the first order [22] , we do not expect any singular behavior in the bulk viscosity [32] for the cascading gauge theory plasma.
Conclusion
In this paper we presented detailed analysis of the transport properties of the deconfined chirally symmetric phase of the cascading plasma at strong coupling, using the gauge theory/string theory correspondence. We developed the high temperature expansion to order Q 4 ≃ ln T Λ −4 for the thermodynamic and the hydrodynamic properties of the theory and identified challenges in going beyond perturbative in Q hydrodynamics.
We computed the high temperature expansion of the bulk viscosity of the cascading plasma. We showed that the bulk viscosity bound proposed in [31] is satisfied in such plasma. We argued that results for the bulk viscosity are likely to be reliable up to the deconfinement temperature with bulk viscosity being about 60% of the shear viscosity right at the deconfinement transition. Much like in other holographic models of gauge theory/string theory duality [19] we observe a rapid drop in the bulk viscosity above the deconfinement transition.
An interesting byproduct of our hydrodynamic analysis was the discovery of the perturbative instability of the deconfined chirally symmetric phase of the cascading plasma. Specifically, extending analysis of [22] we identified a continuous phase transition in the plasma (slightly below the critical temperature of the first order deconfinement transition) where the speed of sound squared vanishes and becomes negative. A similar phase transition was observed previously in N = 2 * gauge theory plasma [19, 31] .
Although in the former case it is difficult to speculate as to the origin of the instability, it is tempting to relate the same instability in the cascading plasma with the development of the chiral condensates responsible for the breaking of chiral symmetry. The fluctuations of such condensates are massive at high temperatures [24] . Exactly for this reason there is no high temperature regime for the deconfined cascading plasma with broken chiral symmetry -correspondingly, there can not exist a black hole solution on the warped deformed conifold with fluxes [2] at high temperatures. Of course, this does not exclude the possibility of such a black hole solution at low temperatures.
The hydrodynamic stability of the symmetric phase all the way down to the deconfinement transition suggests though that the existence of the black hole in the broken phase would not modify the cosmological scenario proposed in [41] . We return to these questions in more details in future work [24] .
